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P  A  R  T   I. 
INTRODUCTION. 


INTRODUCTION. 

Previous  to  the  year  1918,  no  20  gallon 
chemical  fire  extinguishers  had  been  submitted 
to  Underwriters'  laboratories  for  approval.  Dur- 
ing the  years  1918  and  1919,  five  manufacturers 
submitted  20  gallon  chemical  extinguishers  on 
wheels  for  inside  use;  four  of  the  engines  were 
of  the  loose  stopple  semi-inverting  type;  the 
other  engine  was  of  the  break  bottle  type.  This 
investigation  is  confined  to  the  loose  stopple 
type  of  device. 

Although  many  operation  tests  have  been 
run  on  all  types  of  chemical  extinguishers  on 
wheels  of  the  40  gallon  size  and  larger,  it  has 
not  been  found  practicable  to  reason  directly 
from  one  size  of  machine  to  another  size,  thus 
a  new  investigation  became  necessary  for  the 
20  gallon  extinguisher. 

As  the  new  device  is  intended  for  one 
man  use,  it  is  designed  on  the  principle  of  an 
ordinary  hand  truck.    The  essential  difference 
in  exterior  construction  between  the  20  gallon 
and  the  larger  sizes  of  extinguishers  on  wheels, 
is  that  small  iron  wheels  are  used  on  the  former. 
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.located  away  from  the  center  of  gravity,  while 
on  the  larger  sizes  large  wooden  wheels  are  used, 

located  near  the  center  of  gravity.   Because 
of  this  and  other  differences  of  construction, 
an  investigation  of  structural  feqitxires  was 
necessary.   Only  the  defects  which  were  observed 
during  the  operation  tests,were  considered. 

The  machines  under  investigation  were: 
American  La  France,  (472) 
O.J.Ohilds,         (585) 
Ajax,  (609) 

Spero,  (608) 
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PAfiO?  II 
OBJECTS. 
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OBJECTS 

The  objects  of  this  investigation  are:  to 
determine  the  relations  of  tank  capacity, 
quantities  of  solution,  soda,  and  acid,  which 
seem  to  give  the  most  satisfactory  operation; 
and  to  suggest  such  changes  as  seem  advisable 
to  the  extinguishers  as  submitted. 
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PAHT  III 
TESTS 

CHAPTEK   I.  TEST  APPAilATUS. 

GHAPTEK  II.        OPERATION  TEST  METHODS. 
GHAPTEii   III.      TEST  PHOGEDUHE. 
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PAST   III. 
CENTER   I. 

TEST  IPPARiTUS. 
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TEST  APPAMTUS 


47-|-  inches 

££| 

18 

12i 


"  diameter 


7|    " 
20.19  gallons 
20.11    " 

1  1/8  inches 
7/15 
12.80 


America  la  Prance  f47S) 

Total  height  of  device 

"       width     "  " 

V/heels 

Tank  diameter 
Distance  from  collar  to 

water  level 
Total  Tank  capacity 
Met         "      " 
Bottle  neck  diameter 
Stopple        " 
Tipping  Angle  ^,.„_ 

btramer  llo.  6.  Stamped  galvanized  ball- 
shaped  strainer  furnished 
TT  4,.-,-,  .        ^^'^'^   machine. 
2  •J^'Pi??  indicator  provided  on  tank. 
Acid  bottle  capacity  .254  gals,  a  3.9  Lbs  acid 

O.J.Ghilds  (586) 

Total  height  of  device 

"   width  "     " 
Wheels 

Tank  diameter 
Distance  from  collar  to 

water  level 
Total  Tank  capacity 
llet     "     IT 
Bottle  neck  diameter 
Stopple       " 
Tipping  Angle  ^^- 

Strainer  1^0. 3.  1"  pipe  with  40-5/32"  diameter 

holes. 

Strainer  Ho. 4.  lead  with  30-5/32"  diameter 
4pi^  hn++n     holes,  furnished  by  manf ' . 
Acid  bottle  capacity  .28  gals,  s  4.2  Lbs.  ACid 


48   inches 

18 
12 


diameter 


7  3/8  " 
19.75  gallons 
19.51     " 

li"   inche  s 
7/8 
130 
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A^ax  (609) 

Total  height  of  device 

"   width  "    " 
V/heels 

Tank  diameter 
Distanoe  from  collar  to 

water  level 
Total  Tank  capacity- 
lie  t 

Bottle  neck  diameter 
Stopple  diameter 
Tipping  angle 
Strainer  Ho. 5.  Copper  disc  furnished 

by  the  manf ^ • 
Acid  bottle  capacity  .30  gals  =4.6  Lbs  acid 
Filling  indicator  bottom  of  cage,  14.33  gals 


501- 

inches 

24 

IT 

E4 

"  diame 

ter 

12 

T» 

6 

IT 

19.4 
19.3 

gallons 

TT 

l-y-     inche  s 
5/8 
17.7° 

Spero  (608; 


37f 
22| 
24 
14 


inches 

Tf 

"  diameter 


Total  height  of  device 

"   width  of    " 
Wheels 

Tank  diameter 
Distance  from  collar  to 

water  level         6  5/8  " 
Total  Tank  capacity     20.3  gallons 
ITet    "       "        20.2    " 
Acid  bottle  and  stopple  same  as  (609) 
Tipping  angle  20° 

Strainer  IIo.l.  Spero  original,  -f"  projection 

into  tank 
Strainer  llo.  2,  Spero  soldered,  48-5/32"  dla. 

holes  drilled. 
No  filling  indicator  provided. 


PLATE   I 
AlffiniGlN  LA  Fi^HGE    20-GALLOH  SZTINGUISHER    (473; 
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PLATS    II 
AlffiRIGAI  LA  FRAHCE    (473)    IN   OPSRATIITG 
POSITION. 
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PMTE   III 
0.    J.    CHIIDS   (586),   KSTIHGUISBES  PARTS 
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P1A3IE  IT 
AJAZ  80-GAIIOH  CHEMICAL  ?IRB  EXTUSGUISBER   (609) 
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PLATE   V 
AJAZ    (509)    IK  OPERATING  POSITIOH 
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PL41B  tZX 
8FBB0  (jlpS)    II  OJEIULfm  POSIflQI 
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PART   III. 
GHa.Pa?EH  II. 

OPEKA.Q?ION  TEST  l/IETHODS. 
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OEKRATIQIT  TEST  I.ffiTHODS. 

In  the  majority  of  tests,  17  gallons  of 
water  was  poured  into  the  extinguisher  and  the 
weighed  amount  of  sodium  bicarbonate  was  added. 
The  mixture  was  stirred  until  the  soda  was 
thoroughly  dissolved.   A  temperature  reading 
of  the  solution  was  taken.   The  acid  bottle, 
with  the  weighed  quantity  of  aoid  was  placed  in 
its  cage  with  the  stopple  in  place,  and  the  cap 
with  gasket  was  screwed  onto  the  collar.   A 
1/4  inch  hole  was  tapped  into  the  cap,  a  little 
off  center,  into  which  a  300  lb,  Crosby  gauge 
was  screwed  to  obtain  the  tani  pressure.   Tests 
from  March  21  to  March  26,  inclpsive,  were  per- 
formed with  20  ft,  of  1/4  inoh  patrol  hose  lead- 
ing from  cap  to  gauge.   After  March  27,  4  feet 
of  patrol  hose  and  10  feet  of  l/4  inch  pipe  were 
used  from  cap  to  gauge. 

In  the  open  nozzle  test,  the  machine  was 
tipped  at  a  predetermined  time;  pressure  read- 
ings were  made  every  10  seconds,  range  observa- 
tions were  made  every  20  seconds,  and  stream 
samples  were  taken  every  20  seconds.   Method  of 
taking  stream  samples  was  to  collect  in  sample 
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bottles,  the  discharge  from  1/8  inch  cock 
tapped  into  nozzle.      Time  at  which  the  solu- 
tion in  the  tank  was  completely  exhausted,  that 
is,  the  time  at  which  gas  was  emitted,  was  re- 
corded as  "gas". 

In  the  closed  nozzle  test,  the  pressures 
were  read  every  10  seconds  with  the  nozzle  closed 
until  a  constant  pressure  was  reached.   The 
nozzle  was  then  opened  and  the  test  continued 
with  the  same  procedxure  as  the  open  nozzle  tests. 
After  completion  of  test,  the  tank  resi- 
due was  measured,  and  residue  and  stream  samples 
were  tested  with  litmus  paper. 
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PAiiS   III. 
CHAPTEH  III. 

TEST  PHOCEDDBE. 
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TEST  PROCEDURE. 

As  stipulated  by  the  Underwriters' 
laboratories,  the  standard  charge  for  a  20- 
gallon  chemical  extinguisher  is  17  gallons.  As 
a  starting  point  for  the  series  of  operation 
tests,  a  machine  was  selected  at  random,  17 
gallons  of  water  was  used  with  one-half  the 
chemical  charge  specified  for  the  standard  40 
gallon  machine,  and  an  open  nozzle  test  was  run 
at  70  degrees  Fahrenheit.   This  test  was  not 
entirely  satisfactory,  hence,  from  this  point 
on,  test  conditions  were  varied  to  eliminate 
undesirable  characteristics  as  they  appeared. 

The  temperatures  at  which  the  tests 
were  rxin  were  selected  to  include  all  ordinary 
conditions  likely  to  be  encountered  in  the 
field.    70  degrees  Fahrenheit  was  recognized 
as  being  the  ordinary  temperature,  90  degrees 
Fehrenheit  was  selected  as  a  common  summer 
temperature,  while  105  degrees  Fahrenheit  was 
thought  to  be  the  highest  temperature  apt  to 
be  reached  inside  the  average  building.  A 
few  low  temperature  tests  were  run  to  determine 
the  effect  of  this  condition  which  may  occur  in 
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a  cold  storage  warehouse. 

Amerlcan-la  France,    (475) 

The   first  test  was  rtin  on  the  American 
laPranoe    (473)   with  17  gallons   of  water,    10  lbs, 
of  soda,   and  3-I/e  lbs.   acid,   at  70  degrees 
temperature  with   the  nozzle   open.      V/ith  the 
maximum  pressure  obtained  it  was  thoxjght  that 
under  higher   temperatures  with  nozzle  closed, 
the   pressure  might  be  excessive.     Consequently, 
in  the  next  test,    (473-E)    the  acid  was  de- 
creased to  3  lbs,   and  a  lower  maximum  was 
reached.        In  this  test  as  in  the   initial  test, 
the  stream  duration  was   over  5  minutes  which 
showed  too  slow  a  discharge,   therefore  in  the 
next  test    (473-3)   the  nozzle   orifice  was  in- 
creased from  5/3E  inch  to  3/16   inch  diameter, 
and  again  a  3-1/2   lb,   acid  charge  was  used. 
This  showed  a  decrease   in  stream  duration  to 
4-1/3  minutes,        A  series   of  tests,    (473-8,4, 
5,6,    7)   were    then  run  to  determine    the    effect 
of  nozzle   size  upon  stream  duration.      These 
tests  resulted  in  the  adoption  of  a  7/32  inch 
diameter   orifice  when  the  American  LaFrance 
type   of  nozzle   is  used. 
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In  the  test  (473-7)  an  aoid  resldtio 
was  obtained  because  the  acid  feed  was  too  slow, 
hence,  in  test  (473-9)  the  stopple  was  removed 
and  an  alkaline  residue  was  obtained.  As  it  is 
not  feasible  to  have  an  acid  bottle  without  a 
stopple,  because  sulphiixic  acid  absorbs  moist- 
ure and  would  in  time  overflow  the  bottle,  a 
different  method  of  accelerating  acid  feed  was 
necessary.   It  w^s  seen  that  the  removal  of  a 
small  guide  soldered  to  the  center  of  the  cap 
would  permit  a  greater  travel  of  the  stopple, 
and  cause  less  obstruction  to  the  acid  flow. 
The  next  six  tests  were  run  with  the  stopple 
guide  removed,  at  70,  90,  and  105  degrees 
Fahrenheit,   open  and  closed  nozzle  with  3  lbs. 
of  aoid.   In  these  tests,  all  but  one  of  the 
residue  was  alkaline;  namely,  (473-12),  an 
open  nozzle  105  degrees  Fahrenheit  test,  which 
gave  an  acid  residue, 

0.  J.  CHILDS  (585) 
The  machine  was  first  operated  Tising 
the  1/4  inch  Childs  nozzle,  furnished  by  the 
Manufacturer  with  10  lbs.  soda  and  3  lbs. 
acid  charge,  as  specified.   Resulting  stream 
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duration  was  too  short  and  the  residue  was  acid, 
showing  that  the  nozzle  orifice  was  too  large, 
A  7/32  inch  American  LaFrance  nozzle  was  used 
in  the  next  seven  succeeding  tests.   Tests 
(585-2,3,4)  were  open  nozzle  with  3  lbs.  acid 
at  70,  89,  104  degrees  Fahrenheit,  respectively. 
Residue  of  test  (585-4)  was  acid  and  it  was 
decided  to  see  in  tests  (585-5,6,7,8)  if  de- 
creasing the  acid  charge  to  2-1/2  lbs.  would 
eliminate  acid  residue  and  still  give  satis- 
factory pressures.   An  acid  residue  was  again 
obtained  on  the  105  degree  open  nozzle  test 
(585-8).    The  decrease  in  the  acid  charge  did 
not  eliminate  acid  residue,  but  the  pressures 
obtained  were  lower,  although  still  satis- 
factory.  In  these  tests  the  strainer  used 
left  a  tank  residue  of  3  fluid  ounces;  a  new 
strainer  furnished  by  the  Manufacturer  and 
leaving  a  residue  of  16  fluid  ounces,  was  used 
in  all  succeeding  tests.    In  tests  (585-13, 
14,15)  which  were  70,  105,  90  degrees  Fahren- 
heit with  2-1/2  lbs.  acid,  the  residue  was 
alkaline.     Closed  nozzle  tests  were  then 
run  at  70  and  105  degrees  Fahrenheit  with 
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2-l/E  lbs.   acid.      In  the  70  degrees  Fahrenheit 
test   (585-16),    the   duration  was   4  minutes  with  a 
gas  pressure   of   21   lbs.   which   seems   too   low.        A 
105   degrees  Fahrenheit   open  nozzle   test  with  3   lbs. 
acid   (585-18)  was   satisfactory  as   to  pressure, 
duration  and  range.        The    105   degrees  Fahrenheit 
closed  nozzle   test    (585-19)    on  3   lbs.    acid  was  run 
and  the  maximum  was   too  high,    being  in  excess   of 
300  lbs. 

Tests   (585-9  and   12)  were  rtin  with  the 
Childs'   nozzle   and  acid  charges   of  3   and  2-1/2 
lbs.,   respectively,    but   the    stream  durations  were 
too  short  for  70  degrees  Fahrenheit   tests.      Conse- 
quently,   if  the   Childs   type    of  nozzle   is   to   be 
used,    a   smaller   diameter   orifice   than  7/32   inch 
should  be  used, 

AJAX-609 

The  first  six  tests  were  run  with  a  copper 
disk  strainer  with  charges  of  10  lbs,  soda  and  3 
lbs,  acid.  In  test  (609-5)  at  105  degrees  Fah- 
renheit with  closed  nozzle,  the  presstire  was  too 
high,  consequently  tests  were  run  with  a  2-1/2 
lb,  acid  charge.  In  test  (609-14)  at  72  degrees 
Fahrenheit  with  closed  nozzle,   the  gas  point  was 


30- 


too   low,    showing  that   2-1/2   lbs.    is   in- 
auffieient,        P'tirther   tests  were   run  at   low 
temperatures,    open  and  closed  nozzle  with  3  and 
2-I/E   lbs,   acid  charge.      Because   of   the   low  gas 
pressures  with  the   2-l/E   lbs.   acid,    it   is   deemed 
necessary  to  use  3   lbs,    of  acid.      If  the   tank 
capacity  of   the  machine   is   increased  to   its 
rated  capacity  or   larger,   an  identical  test     to 
(609-5)   will  not    give  a  prohibitive  maximiam. 

SPERO-608. 
The  machine    as   furnished  had  a  3/16 
inch  nozzle,   and  was   operated  for   the  first  test 
with  10   lbs.    soda,   3-1/2  lbs.    acid.        Due  to  a 
broken  acid  bottle   cage,    the   test  was   erratic, 
but   it  indicated  too   long  a  stream  duration. 
The    orifice  was  drilled   to   7/32   inch  diameter 
and  a  3   lb,   acid  charge   test  was  twci.        This 
gave   satisfactory  pressure   and   duration,   and  a 
closed  nozzle   test   under   same  conditions   gave 
satisfactory  operation.  However,   the  resi- 

due   left  in  the  tank  was  48   fluid   ounces,    con- 
sequently the  strainer  was  soldered  and  48- 
5/32   inch  holes   drilled   into   it   for   further 
tests.        The  outlet  elbow  which  initially  pro- 
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ieoted  into  the  tank  about  7/8  inch  was  sawed 
off  to  project  3/8  inch  into  the  tank  which 
reduced  the  residue  to  about  22  fluid  ounces. 

70,  90  and  105  degrees  Fahrenheit  open 
and  closed  nozzle  tests  (608-4,5,15,3,16,14) 
were  rvm  as  normal  operation  tests  with  3  lbs, 
acid.   Five  more  tests  (608-24,22,19,21,20) 
were  run  with  a  2-1/2  lb.  acid  charge.  90  de- 
grees, and  105  degrees  open  and  closed  and  a 
70  degree  open.   Open  and  closed  nozzle  tests 
with  3  lbs.  acid  charge  were  run  at  low  temp- 
eratures, (608-31,30). 

Tests  (608-18,27-26,  25,17)  were  made 
to  determine  the  effect  of  varying  soda  charge. 
They  were  run  at  70  degrees  closed  nozzle,  3 
lbs.  acid  with  the  soda  charge  at  6,8,10,12,13,5 
.',  lbs.  made  up  to  17  gallons  solution.   The 
13.5  lbs.  soda  charge  was  intended  to  show  the 
effect  of  having  a  saturated  solution. 

Tests  (608-29, 10-8, 28-, 26, 3, 11, 12)  were 
made  to  determine  the  effect  of  varying  the  so- 
lution quantity,  using   constant  acid  and  soda 
charges  of  3  lbs.  and  10  lbs,,  respectively. 
These  tests  were  run  at  70  degrees  Fahrenheit 
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with   open  and   olosed  nozzle. 

Tests    (608-6,7)   were  run  as  duplicates 
of   (608-8,10)    at   70   degrees   open  nozzle,    3   lbs. 
acid  with  17,      and   17-1/2  gallons   solution. 
These   tests  gave   acid   residue,    and  tests    (608- 
8,10)   gave   alkaline.        The   explanation   for   this 
difference  is  due  to  the  fact   that  a  section  of 
hose  was  used  between  cap  and   gauge  which  held 
some    of  the  acid  solution     during  the  time  of 
high  pressure  and  released  when  pressure   in 
tank  lowered  to  atmospheric. 

An  open  and  closed  70  degrees  Fahren- 
heit  test    (608-9,23)  was   run  with   the  acid 
bottle   full,   containing  4  lbs.    7   ounces   of 
acid  to  see  what  effect   this  overcharging  would 
have  with  a  normal   10  lb.      charge   of  soda.      The 
pressure  reached  in  the   closed  nozzle   test  was 
so  high  that  with  a  higher   temperature  the 
msiximum  pressure  would  be  excessive. 

One   test  was  run   (608-13)   with  7-1/2 
lbs.    soda,    2-1/2   lbs.   acid  to   determine   the 
effect   of  proportionately  reducing  the 
chemical  charges..      The  pressure  at  gas  was 
too  low,    therefore  in  the  other   2-1/2  lbs. 
acid  tests   it  was   decided  to  have  a  greater 
soda  charge. 
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to  t£)  x:  o  to  to 


CD  -^1  to  CO  to  o 
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Testa  1^0.   1,3.                   ^^.    ^^o.^7Z,  Data  Shoot  V.o,/. 

normal  Operation  I'estts  Open  Ilozzle.  Test  by  A.I.T.'IS. 

^   T,     ,.       T«     9(^»   A-"  woaa  Strainer  Ho.    6, 
A.L.F.   nozzle,    35'--|-     tiose. 

Stream  Samples  .Ik.   Tank  Residue  15  fl.oz.  •-Ik. 

water  17  gals.  Soda  10  Lbs.  -.cid  2>h   LDs.  Temp.  #1.  70°:^a,  7^0 

#1..  5/SE"  nozzle            -  ^2,-  3/16-  llozzle 

Time   Pres   Kange  ^i^^  ^^^^   ^^^^^"• 

10  95 

30      ^    i.i>0  AH  1?T 

60            98            60  60  111            g^ 

inn     80  100  B9  . 

Ill            ?6  If  85   , 

XBO     74     55  Igg  81     ^^ 

150     65  T-n  fi9 

^5^     60     ''  1^°  '' 

1^0     60  ^QQ  55 

190     ^\             40  200  61 

^20  57 

lln             rS  250  56 

230     50  54  40 

250     47  -^0  ^^ 

2^0            to        '"'  ^'o  ^° 

^«n             t?  280  49 

E80             32  ggQ  4r7 

290            22  f.Q  45        gas 


Tests  I!o.    H,9.  IBx.   IIo.   47S, 


Data  Sheet  Ko.  Z. 


normal  Operation  Tests  Open  Kozssle  Test  by  A.I.T.'19. 

A.L.F.   Uozile,    S5'    A.L.P.   i"   Hose.  Strainer  Ko.    6. 


Stream  Samples  Alk.     Tank  Residue  12  fl.oz.    Alk. 

water   17   gals      Soda  10  Lbs.      Void  3  Lbs.      Sol.   Temp.    70  F, 

5/S2"'uozzle  "  7/22^  Hozzlo 


10 

.85 

20 

9  6 

50 

114 

40 

104 

60 

90 

70 

84 

80 

79 

90 

75 

100 

71 

110 

68 

120 

65 

150 

62 

140 

59 

150 

58 

160 

56 

170 

54 

180 

55 

190 

51 

200 

49 

210 

48 

220 

46 

230 

45 

240 

43 

250 

a2 

260  . 

41 

270 

40 

280 

39 

290 

38 

500 

37 

310 

38 

320 

55 

530 

34 

340 

52 

550 

27 

560 

21 

570 

16 

380 

10 

590 

6 

7*9. 

7/SE"  ] 

[]ozzl< 

No  Stopple 

rime 

Pres 

Ran< 

10 

90 

20 

107 

60 

50 

97 

40 

90 

50 

81 

60 

75 

70. 

71 

'  55 

80 

■  66 

90 

61 

50 

100 

58 

110 

54 

120 

51 

130 

49 

45 

140 

47 

150 

45 

160 

43 

170 

41 

180 

S9 

190 

58 

EOO 

37 

40 

210 

35 

Gas 

220 

31 

230 

24 

240 

15 

250 

11 

260 

3 

Tests  lio.  5,4, 


Ex.  Ko,  473, 


Data  lihoet  i<o.  3. 


Normal  Operation  Tests  Open  Kozzle      Tests  ^y  A.I.T.'19. 
A.L.F.  Mozzle,  E5'  A.L.F.  ^   Kose        Strainer  Uo.  6. 
Stream  Samples  Alk.  Tsmk  .esidue  14  fl.oz.  .^^S  noutraW4  ali, 
'.vater  17  gals  Soda  10  LDs.  Aoid  S  Ll^s.   Solution  Tenp.  VQOf. 

4-4.  #4,  oont' 


■7/-5. 
£/l6' 

'  Hozzlt 

Time 

pres  I 

10 

68 

20 

^92 

SO 

101 

40 

97 

50 

92 

50 

84 

70 

80 

80 

76 

90 

72 

100 

68 

110 

65 

120 

62 

ISO 

59 

140 

57 

150 

54 

160 

52 

170 

50 

100 

49 

19C 

47 

200 

46 

210 

44 

220 

43 

230 

41 

240 

40 

250 

59 

260 
270 
280 
290 
300 

7.7 
30 

16 

9 

#4. 

1/8'^ 

Uozz 

Dime 

fres 

10 

77 

20 

108 

SO 

121 

40 

122 

50 

116 

60 

108 

70 

100 

80 

95 

90 

91 

100 

86 

110 

82 

120 

80 

150 

76 

140 

74 

150 

72 

160 

69 

170 

67 

180 

65 

190 

65 

200 

61 

210 

59 

220 

58 

230 

56 

240 

54 

250 

53 

250 

t2 

270 

51 

280 

50 

290 

ft9 

soo 

47 

310 

46 

320 

45 

330 

45 

340 

44 

550 

45 

360 

42 

370 

41 

380 

41 

390 

40 

400 

.  39 

410 

■  58 

420 

38 

430 

37 

440 

36 

450 

460 

33 

470 

28 

480 

25 

490 

22 

500 

19 

510 

16 

520 

14 

530 

12 

540 

10 

550 

8 

note:   Crs-viie  read  8#  high. 

"pressure  shown  are  correoted. 


Tests  No.    6,7,8, 


Ex  no.   475. 


Normal  Operation  Tests  Open  llozzle 
A.L.F.    Nozzle.    25'    A.L.F.  i"   Kose. 
Stream  Samples  All:.     Tank  L^esidue  12  fl. 
T7ater  17  pals     Soda  10  Lbs.  Aoid  5  L"bs. 


^tm 

V' 

5/32' 

"  Nozzle 

7/52' 

'  Nozzle 

Plme 

rres 

Range 

Time 

pres  I 

10 

74 

10 

65 

29 

105 

55 

20 

84 

30 

106 

SO 

90' 

40 

lOO 

40 

89 

50 

95 

50 

82 

60 

89 

60 

75 

B2« 

81 

50 

70 

72 

80 

75 

80 

69 

90 

72 

90 

65 

100 

68 

100 

62 

110 

54 

110 

59 

120 

61 

120 

55 

130 

58 

130 

53 

140 

55 

45 

140 

51 

150 

53 

150 

49 

160 

51 

160 

46 

170 

50 

170 

45 

180 

48 

180 

43 

190 

47 

190 

42 

200 

45 

40 

200 

40 

210 

44 

210 

38 

220 

42 

220 

31 

230 

41 

230 

21 

240 
250 

40 
39 

240 
250 

15 
6 

260 

38 

270 

37 

Gas 

280 

34 

290 

25 

500 

19 

310 

14 

320 

8 

Data  Sheet  Ho.  4-. 

Tests  by  A.I.T.'19. 

Strainer  No.   5. 
oz,   ^'6,   alk.-r7,8,   aild. 
Sol.    Tsinp.    70°P. 


#1 

3. 

4 

Nozzle 

rime 

pres 

-ianj 

10 

63 

50 

20 

79 

30 

86 

60 

40 

85 

80 

80 

60 

75 

55 

70 

70 

80 

66 

50 

90 

61 

100 

67 

110 

54 

120 

51 

130 

49 

140 

47 

45 

150 

45 

160 

43 

40 

170 

41 

180 

40 

Gas 

190 

35 

200 

25 

210 

16 

220 

6 

Tests  Ho.    10,11,12  r.z.    Ko.473. 

Ilorrr.al  'Operation  Tosts  Open  Liozzle 


Data  Sheet  IIOo  «:^ 
Tests  iDy  t.I'T. '19. 
Strainer  llo.   6, 


7/3^"   Kozsle,    135' -i"   Hose  A.L.P.  Strainer  llo.    6, 

inream  Samples  Allc.      'fan]c  Residue   12  fl.oz.  #10,11  Allc.  #12  aoid 

V.atcr  17  gals     Sodu  10  Lbs.      Aoid  3  Lbs.        IIo  Stopple  Guide 

^'10,    70°^?.  7?11.    90°F.  #12,   105°F. 

Time     Ires     Range         Time     Pres     Hange  Time     ?res     Hange 


10 

59 

10 

63 

20 

79 

50 

20 

88 

30 

8Q 

SO 

97 

40 

85 

40 

96 

50 

79 

50 

92 

60 

75 

60 

88 

70 

71 

55 

70 

84 

80 

67 

80 

79 

90 

64 

90 

75 

100 

61 

50 

100 

73 

110 

58 

110 

70 

120 

55 

120 

66 

ISO 

52 

130 

63 

140 

49 

140 

60 

150 

46 

150 

57 

160 

45 

45 

160 

54 

170 

43 

170 

52 

180 

42 

ISO 

51 

190 

40 

190 

48 

200 

39 

Gras 

200 

37 

210 

36 

210 

26 

220 

E7 

220 

17 

230 

19 

230 

9 

240 

11 

250 

4 

10 

75 

20 

102 

30 

111 

40 

111 

50 

107 

60 

99 

70 

93 

80 

88 

90 

83 

100 

79 

110 

75 

120 

71 

120 

67 

140 

64 

150 

61 

160 

59 

170 

56 

180 

49 

190 

36 

200 

24 

210 

14 

EBO 

7 

Teste  No.  14,13,15,       Ex.  Bo. 473.      Data  Sheet  io.  6. 
Normal  Operation  Tests  Closed  Nozzle.     Teats  by  A.I.T.'19« 
7/32*  A.L.F.  Nozzle,  25'  A.L.P.  i"  Hose.     Strainer  No. 6. 
Stream  Samples  Alk.   Tank  Residue  LVs-   15  fl.oz. 


Water  17  gals  Soda  10  lbs.  Aoid  3  Lbs, 


T?14,  70^P. 
No  Stopple  guide 


Ho  Stopple  guide 


#15,  105®]?. 
No  Stopple  guide 


Time  Pres  Range    Time  Pres  itange    Time  Pres  riange 


10 

70 

10 

80 

10 

97 

20 

115 

20 

170 

20 

164 

30 

144 

30 

208 

SO 

208 

40 

161 

40 

219 

40 

228 

50 

169 

50 

228 

50 

241 

60 

174 

60 

233 

60 

247 

70 

177 

Open 

70 

236 

70 

251 

Open 

80 

117 

55 

80 

238 

80 

153 

60 

90 

96 

90 

240 

90 

127 

100 

82 

100 

241 

100 

108 

55 

110 

73 

110 

242 

110 

97 

120 

66 

120 

242 

120 

88 

50 

ISO 

60 

50 

130 

242 

130 

80 

140 

56 

140 

242 

Open 

140 

75 

150 

52 

45 

150 

163 

55 

150 

71 

150 

48 

160 

124 

160 

66 

170 

46 

170 

103 

50 

170 

61 

45 

180 

44 

180 

91 

180 

58 

19.0 

42 

190 

82 

190 

55 

200 

40 

,   200 

74 

EOO 

52 

210 

38 

210 

69 

210 

51 

220 

36 

40 

220 

64 

220 

49 

230 

34 

230 

60 

45 

230 

47 

240 

33 

240 

56 

240 

45 

250 

32 

250 

53 

250 

43 

260 

31 

810 

51 

260 

42 

270 

30 

270 

49 

40 

270 

41 

40 

280 

29. 

280 

46 

280 

38 

Gas 

290 

28 

290 

44 

290 

31 

300 

27 

Gas 

300 

42 

300 

21 

310 

25 

310 

40 

310 

15 

SSO 

19 

320 

39 

320 

8 

330 

15 

£S0 

58 

340 

6 

340 

36 

369 

350 
360 
370 
380 
390 
400 

34 
33 
31 
23 
15 
9 

35 
Gas 

Tests  No.  8,3,4. 


Ex.  IJo.  585. 


Data  oheet  IIo,  7. 
Test  -by  A.I.T.'19. 


normal  Operation  Tests  Open  Nozzle.       Test  "by  ;.,I.T.'19. 
7/3E"A.L.F.Hozzle,25'A.L.F.  i"  Hose.        Strainer  Ho.  3. 
Stream  Samples  Alk.  Tank  Residue  3  fl.oz.  i''2,S,  alk.  #4,  aold, 
Water  17  gals  Soda  10  Lbs,   Acid  3  Lbe. 


#2 

,  70°F, 

• 

#3. 

89°F 

7^4, 

104°P, 

• 

Time 

pres 

Range 

Time 

Pres 

Range 

Tine 

Pres  ; 

'.ange 

10 

97 

10 

110 

10 

118 

20 

120 

65 

20 

145 

65 

20 

157 

60 

30 

113 

30 

137 

30 

144 

40 

99 

40 

185 

40 

128 

50 

84 

60 

111 

60 

50 

114 

55 

60 

76 

60 

60 

101 

60 

100 

70 

70 

70 

90 

70 

91 

50 

80 

65 

80 

83 

80 

84 

90 

60 

90 

76 

90 

78 

100 

57 

55 

100 

74 

100 

74 

110 

53 

110 

70 

110 

71 

45 

120 

51 

120 

66 

126 

67 

130 

49 

ISO 

63 

130 

64 

140 

47 

140 

61 

55 

140 

61 

150 

45 

150 

59 

50 

150 

59 

160 

43 

160 

56 

was 

160 

54 

Gas 

170 

42 

45 

170 

51 

170 

43 

1^0 

40 

180 

41 

180 

32 

190 

39 

190 

28 

190 

20 

200 

37 

*j-as 

EOO 

19 

200 

11 

210 

30 

210 

10 

210 

4 

220 

21 

220 

4 

230 

13 

240 

6 

Testa  Vo.    6,7,8,         Ex,  No.  ! 
IJorraal  Operation  Tests  Open  Nozzle 


Teste  by  A.I.T.'19 
Data  Sheet  Ho.  S. 


7/32"  A.L.F.  Nozzle,  25'  A.L.F,  i"H03e.     Strainer  No,  3. 
Stream  Samples  Alk.   Tank  Residue  3  fl.oz.  #6,7,  alk,  t?8  alk. 
l.'ater  17  gals.   Soda  10  Lbs.  Acid  Zh^   lbs. 


^^6, 

70"? 

90"F 

#8. 

105"F. 

Time 

Pres 

Range 

Time 

Pres 

Range 

Time 

Pres 

Rang 

10 

78  . 

10 

110 

10 

110 

20 

112 

60 

20 

134 

65 

20 

139 

65 

30 

104  . 

30 

118 

30 

126 

40 

87 

40 

103 

60 

40 

107 

50 

75 

60 

88 

50 

91 

60 

67 

60 

77 

60 

80 

60 

70 

61 

70 

71 

55 

70 

73 

80 

56 

55 

80 

66 

80 

69 

90 

52 

90 

61 

.90 

64 

55 

100 

49 

1  00 

58 

100 

60 

110 

45 

110 

54 

110 

57 

50 

120 

44 

50 

120 

51 

50 

120 

54 

120 

42 

ISO 

49 

130 

51 

140 

40 

140 

47 

140 

49 

^50 

39 

150 

45 

150 

47 

160 

37 

45 

160 

43 

160 

46 

170 

36 

170 

42 

170 

44 

Gas 

180 

34 

180 

40 

Gas 

180 

39 

190 

33 

190 

35 

190 

30 

200 

32 

200 

27 

200 

20 

210 

31 

Gas 

210 

18 

210 

11 

220 

25 

220 

10 

220 

5 

220 

19 

230 

3 

240 

11 

^tzf\ 

5 

Tests  No,  13,15,14. 


ISz.  No.  585. 


Data  Sheet  No,  0. 


Normal  Operation  Tests  Open  Nozzle, 
7/S2"  A.L.P.  Nozzle,  25»  A.L.P.  ^/'   Hose. 


Test  by  A.I.T.»19. 
Strainer  No.  4, 


Streaii  Samples  Alk.  Tank  Residue  16  fl.oz.  Alk. 

V/ater  17  gals  Soda  10  Lbs.  Aold  SiLbs*  l"board  under  handle, 

#13,  70*'f  #15,  90®1?  #14,  105°P 


?ime  Pres  Range 
10    75 

20  107 
30  98 
^    81 

)  70 

;0    63 


Time  .  Pres  Range 

10  97 

20  124 

30  112 

40  96 

50  84 

60  75 

70  70 

80  64 

90  60 

100  56 

110  53 

129  50 

120  48 

140  46 

150  44 

160  43 

170  41 

180  40   Gas 

190  36 

200  30 

210  21 

220  17 

230  12 

240  5 


Time  Pres  Range, 

10  90 

20  150 

30  145 

40  133 

50  118 

60  104 

70  94 

80  86 

90  80 

100  76 

110  73 

120  69 

ISO  64 

140  62 

150  60   Gas 

160  60 

170  40 

180  32 

190  24 

200  16 

210  9 


Teats  No.  12,10,5, 


Data  Sheet  IIo.  /o. 
Test  l)y  A.I.T.'19. 


riormal  Operation  Tests  Open  Kozzle.     Test  "by  A.I.T.  19. 

Stream  Samples  Alk,  Tank  residue  -^'12,5  Alk.  #12  Aold. 

Water  17  gals  Soda  10  Lb*  Acid  2-|-  Lbs.  25»--^"  Hos*. 

#12,  72°?.    #10,  70°F.  #5,  71°F. 

reg.  stopple      special  stopple  no  stojjple 

2"  block  xmder    1"  board  under  Strainer  ITo.5. 

handle.  Str.  #4     handle.  Str.:"5.  7/32"A.L.F. nozzle. 
7/32"  Ghilds  nzzle  7/22"  Ohilds. 

Time  Pres  Range   Time  Ires  Range   Time  Pres  l^ange. 


10 

70 

20 

96^ 

30 

84 

40 

72 

50 

62 

60 

56 

70 

52 

80 

47 

90 

45 

100 

42 

110 

41 

120 

39 

130 

37 

140 

35 

150 

35 

160 

33 

170 

30 

180 

26 

190 

21 

200 

15 

210 

8 

220 

3 

10 

5 

20 

11 

30 

16 

40 

20 

80 

23 

60 

25 

70 

27 

80 

31 

90 

34 

100 

36 

110 

38 

120 

39 

130 

40 

140 

40 

150 

41 

150 

42 

170 

44 

1S« 

44 

190 

44 

200 

49 

210 

50 

220 

44 

230 

36 

%m 

18 

260 

10 

270 

2 

10 

158 

20 

118 

30 

89 

40 

76 

50 

59 

60 

64 

70 

58 

80 

54 

90 

50 

100 

48 

110 

46 

120 

44 

120 

43 

140 

40 

150 

38 

150 

36 

170 

34 

180 

S3 

190 

31 

200 

50 

210 

27 

220 

21 

230 

13 

240 

7 

Data  Sheet  No.  //. 


IJonaal  Operation  Teste  Open  IJozzle. 


Tests  by  A.I.T.'19. 


Stream  Samples  Alk.  Tank  Residue,  #18,9  alk.  r'l  aoil. 
Water  17  gals.  Soda  10  Lbs.  Aoid  3  Lbs.   25»A.L.P.-5-"  Hose 


#18,  105°F 


#9,  70°F 


#1,  70^F 


7/52"  A.L.F  nozzle  7/32"  Chllds  nozzle   i"  Childs  nozzle 
Strainer  Ho.  4.     Strainer  No.  3.      Strainer  Ho.  3. 
1"  board  under  hdl.  1"  board  under  Ml. 


Time  Pres  Range    Time  Pres  Range 


]ime  Pres  Range 


10 

112 

10 

80 

10 

85 

20 

147 

65 

20 

113 

20 

99     6 

30 

139 

30 

104 

30 

90 

40 

125 

40 

89 

40 

77     6 

50 

rllO 

60 

50 

79 

50 

68 

60 

97 

60 

72 

60 

64 

70 

^KHI 

70 

67 

70 

^^w^^^^H 

80 

81 

80 

62 

80 

56     5 

90 

76 

90 

58 

90 

52 

100 

72 

55 

100 

55 

100 

49 

110 

68 

110 

52 

110 

47 

120 

64 

50 

120 

50 

120 

45     5 

ISO 

62 

130 

49 

130 

43 

140 

60 

140 

47 

140 

41   Gas 

150 

58 

150 

45   Gas 

150 

SO 

160 

56 

Gas 

160 

59 

160 

17 

170 

45 

170 

SO 

170 

6 

180 

35 

180 

20 

180 

190 

25 

190 

13 

200 

18 

200 

4 

210  ' 

10 

220 

4 

Data  Sheet  Ho,  /2. 


Tests  Hog.  19,16,17,      Ex.  llo.  585.       Data  Sheet  Ho.  /^. 
IJormal  Operation  Teste  Closed  Nozzle.      Test  by  A.T.T. '19. 
7/38"  A.L.F.  Nozzle,  25'  A.L.F.i"  Hose.       Strainer  No.  4. 
Stream  Samples  Alk.  Tank  Residue  16  fl.os.  #19,neutral.#16,17  alk, 


VTater  17  gals.   3oda  10  Lbs. 


board  tmder  handle. 


#19,  105°F 
Acid  SLbs. 


#16,  70°!'. 
Aoid  2|-  Lbs. 


#17,  105°P 
Aoid  2i  Lbs, 


Pres  Range 

120 

238 

283 

300 

307 

309   Open 

215 

142 

113 

98 

88 

81 

74 

71 

67 

64 

50 

58 

54 

52 

50 

48 

46 

45  • 

42   Gas 


pres  Range 


ime  rres     x^ange 

10  100 

20  220 

30  260 

AO  272 

0  274 

oO  273 

70  271 

80  270  0)pen 

90  144 

LOO  104 

LIO  87 

L20  78 

L30  72 

L40  66 

L50  61 

L60  58 

L70  64 

L80  51 

L90  48 

JOO  45 

JIO  44 

220  42 

530  40 

HO  39 

J50  38 

260  36 

370  24   Gas 


Tests  No,  7,9,10, 


Sx.  Ilo.  609. 


Data  bheet  ilo,  /3 


Normal  Operation  Tests  Open  Nozzle,        Tests  by  A.  I*-^' '  19, 
7/?2"  A.L.P.  Nozzle,  25'  A.L.F.  i"  Hose.     Strainer  No.  2. 
Stream  Samples  Aligw  Tank  Hesidue,  £  fl.oz,  Alk. 
Water  17  gals,   "oda  10  Lbs,  Acid  S  Lbs. 


#7,  70°F, 


#9,  90°?. 


Time  Pres  Range    Time  Pros  Range 


10  85 

20  118 

50  IHI 

40  113 

50  103 


94 

85 

77     5i 

71 

65 

62 

60 

58     4! 

56 

52 

51 

49 

46 

44   Gas 


10 

oS 

20 

113    6C 

30 

135 

40 

134 

50 

127 

60 

120 

70 

111    5£ 

80 

103 

90 

95 

100 

88 

110 

81 

120 

77 

ISO 

74 

140 

71 

150 

67 

160 

64 

170 

60   C-as 

180 

51 

190 

39 

200 

27 

210 

17 

220 

10 

230 

5 

#10,    105®F. 
?ine     pres     Range, 


Tests  ITo.  1,2,5 


Data  Sheet  Ho,  14: 
Tests  ty  A.I.T.'19, 


Normal  Operation  Tests  Open  Nozzle       Tests  l)y  A.I.T.  r 
7/S2"  A.L.F.  Nozzle,  25'  A.L.P.  i"  Hose.    Strainer  IIo.  5. 
Stream  Samples  Alk.   Tank  Residne  S  fl.oz,  Alk. 
V.ater  17  gals.   Soda  10  Lbs.   Acid  3  L"bs, 


Time  I'res  Range 


10    86 

20 

111 

30 

life 

40 

108 

50 

98 

60 

93 

70 

88 

80 

84 

90 

80 

100 

77 

110 

72 

lEO 

70 

ISO 

67 

140 

64 

150 

61 

160 

59 

170 

57 

180 

55 

190 

52 

EOO 

50 

210 

48 

220 

36 

230 

£5 

?,4.n 

16 

L.DG 

2 

#2,  9B°F 
Time  Pres  Range 


#3,  1C5°P 
Time  pres  Range 


10 

95 

10 

100 

60 

20 

140 

65 

20 

152 

30 

144 

SO 

156 

40 

131 

50 

40 

143 

50 

118 

50 

131 

60 

107 

60 

119 

70 

98 

70 

108 

55 

80 

91 

80 

100 

50 

90 

84 

55 

90 

93 

45 

100 

80 

100 

88 

110 

75 

50 

110 

83 

lEO 

71 

120 

78 

150 

68 

130 

75 

140 

65 

140 

71 

150 

61 

150 

58 

160 

59 

160 

66 

170 

57 

45 

170 

62 

180 

55 

180 

60 

Gas 

190 

53 

Gas 

190 

52 

200 

44 

200 

35 

210 

34 

210 

23 

220 

24 

220 

15 

230 

15 

230 

7 

?4.0 

8 

Testa  Ho.  13,11,12,       ]-1x.  No.  609, 
normal  Operation  Tests  Open  Ilozzle, 
7/32"  A.L.F.  Hozzle,  25»  A.L.F.  i"  HOB«. 


Data  Sheet  Bo,  /S. 
Teats  by  A.I.T,!l9. 


Strainer  Bo,  2, 


Btream  Samples  Alk.   Tank  Residue  3  fl.oz,  Alk, 
Water  17  gals.  Soda  10  Lbs,  Acid  Z\   Lbs, 


Jj. 

13,  72' 

'F. 

Ji 

11,  90°F 

• 

#12 

,  105**F. 

Time 

pres 

Range 

Time 

Pres 

Range 

Time 

Pres  -1 

10 

70 

10 

105 

10 

112 

20 

102 

65 

20 

130 

60 

20 

152 

30 

107 

30 

125 

ZO 

130 

40 

103 

60 

40 

111 

40 

121 

60 

95 

50 

100 

50 

11£ 

60 

85 

60 

92 

60 

lOE 

70 

77 

70 

8 

4 

70 

92 

RD 

70 

ftn 

rt 

rt                                        o/\                  ant 

0\J 

90 

1  w 

65 

90 

( 

7 

f 

3 

55 

90 

77 

100 

61 

55 

100 

6 

8 

100 

73 

110 

57 

110 

64 

50 

110 

68 

120 

54 

50 

120 

60 

120 

65 

130 

51 

130 

56 

130 

6 

1 

140 

49 

140 

64 

45 

140 

5 

8 

150 

47 

150 

51 

150 

5 

6 

160 

45 

150 

49 

160 

5 

1 

170 

43 

45 

170 

46 

Gas 

170 

41 

180 

41 

Gas 

180 

38 

180 

30 

190 

37 

190 

SB 

190 

19 

200 

29 

200 

18 

200 

11 

210 

23 

210 

10 

210 

5 

220 

16 

220 

4 

220 

230 

9 

r^     ^  r,        i^   A    K  v-<r     IT)      S09  ^^ta  Sheet  llo. /6 

Test  No,  6,4,5.     Sx.  r.o.  auy 

normal  Operation  Tests  Closed  Kozzle.     Tests  by  A.I.T.'19. 
7/32"  A.L.TT.  nozzle,  25'  A.L.P.  i"  Eose    Strainer  IIo.  5. 
Stream  Samples  .xll:.    Tank  I'.esidue  S  fl.oz.  /:1k. 


Water  17  gals.   Soda 


••■#6 

,  70" 

P 

f* 

Pime 

Pres 

Range 

Time 

10 

90 

10 

20 

180 

20 

30 

198^ 

SO 

40 

205 

40 

50 

209 

50 

60 

210 

60 

70 

210 

70 

80 

211 

Open 

80 

90 

143 

90 

100 

112 

60 

100 

110 

89 

110 

120 

77 

120 

ISO 

69 

130 

140 

63 

140 

150 

60 

150 

160 

56 

55 

160 

170 

53 

170 

180 

50 

180 

190 

48 

190 

200 

46 

200 

210 

44 

210 

220 

42 

220 

230 

40 

230 

E40 

38 

45 

240 

250 

•  36 

250 

260 

35 

40 

260 

370 

34 

270 

B80 

32 

280 

290 

31 

290 

500 

30 

200 

310 

29 

310 

320 

28 

320 

330 

27 

330 

340 

26 

340 

350 

24 

Gas 

350 

360 

19 

360 

370 

11 

370 

380 

6 

380 
390 
400 
410 
420 
430 
440 

10  Lbs,   Acid  3  Lbs, 

.  ,.  90°  P  #5,  105°  P 

Time  Pres  Range    Time  ires  Range 


10 
20 
30 
40 
50 
60 
70 
80 

Sz,  righted  90 
100 

re-tipped  110 
120 


286 

266 

285 

Bpen 

183 

60 

156 

116 

100 

90 

83 

55 

77 

72 

68 

65 

62 

50 

59 

57 

55 

52 

50 

47 

45 

45 

43 

42 

40 

40 

38 

Zb 

Gas 

20      350     20 
(nozzle    360     11 
olosed)    370      5 
Open 

note:  #4,  Stopple  failed 
to  fall  away  until  machine 
was  re-tipped 


I'ests  I'o.    16,17,8.        !i)x,    IIo.    609. 


Data  Sheet  IIo.  //T 


Ilorraal  Operation  Tests 


Tests  Td.7  .:.r.T.'19. 


7/32"  A.L.?.   I!o2zle,    £5»    l.L.?.   i"   Hose. 
■:trean  f-3r.nples    '.Ik.        Tank  Kesldue   Alk. 
■/ater  17  gals.      Soda  10  Lbs,      Acid  3  Lbs, 


Strainer  IJo.  S 

Test  #17,  no  strainer 


^^16,  50 

F. 

-■ 

17.  50" 

P. 

#8, 

70"F. 

Open 

Nozzle 

Closed  Nozzle 

Closed  nozzle 

Time 

?res 

Range 

Time 

Pres 

Kange 

Time 

Pre  8 

Hange 

10 

57 

55 

10 

110 

10 

90 

20 

9^ 

20 

158 

20 

165 

SO 

97 

60 

30 

171 

30 

220 

40 

94 

40 

173 

40 

233 

50 

86 

50 

173 

$ipen 

50 

235 

50 

77 

55 

50 

105 

55 

60 

235 

70 

70 

50 

70 

86 

70 

235 

80 

65 

SO 

73 

80 

235 

Dpen 

90 

61 

90 

65 

90 

146 

55 

100 

57 

100 

60 

100 

113 

110 

54 

45 

110 

56 

110 

93 

50 

lao 

52 

120 

53 

45 

120 

85 

130 

50 

130 

51 

130 

77 

140 

49 

140 

49 

140 

73 

150 

46 

150 

48 

150 

68 

160 

45 

150 

46 

40 

160 

64 

170 

43 

170 

45 

170 

61 

45 

180 

41 

40 

180 

43 

180 

59 

190 

39 

.190 

42 

190 

57 

200 

37 

G-as 

200 

40 

200 

54 

210 

33 

210 

S9 

210 

51 

220 

26 

220 

37 

220 

50 

2S0 

18 

230 

36 

230 

48 

40 

240 

11 

240 

35 

240 

46 

250 

6 

250 
S50 

270 
280 

290 
300 

S3 
32 
31 
30 
28 
27 

35 

250 
260 
270 
280 
290 
300 

43 
41 
39 
38 

36 
35 

310 

25 

Gas 

310 

34 

320 

23 

320 

33 

Gas 

330 

16 

330 

27 

340 

10 

340 

21 

360 

4 

350 
350 

15 
9 

Note:  Leak  at  cap 


Tests  I'!o.    18,15,14. 
Kormal  Operation  Tests. 


Data  Sheet  Bo.  /6. 
Test  hy  A.I.T.'19. 


7/28"   A.L.r.    Kozzle,    25'    A.L.F.   -|"   ITose  St: 

Stream  Samples  Alk,      Taiik:  Residue  5  fl.oz.  aik. 
Water  17  gals.      Soda  10  Lbs.     Aoid  E^-  Lbs, 

#18.    50°   Closed              #16.    50°?   Open  #14 


Strainer  Ho.  2. 


#14.  72°P  Closed 


Time 

Pres 

Range 

Time 

rres 

Kange 

Time 

Pres 

?.ange 

10 

81 

10 

64 

50 

10 

120 

20 

136^ 

20 

97 

55 

20 

192 

SO 

151 

SO 

96 

SO 

207 

40 

158 

40 

88 

40 

214 

50 

161 

50 

75 

50 

50 

216 

60 

161 

> 

60 

67 

60 

218 

70 

161 

Open 

70 

60 

70 

219 

80 

94 

60 

80 

54 

45 

80 

220 

90 

73 

55 

90 

51 

90 

220 

100 

62 

50 

100 

48 

40 

100 

220 

Open 

110 

54 

110 

45 

110 

126 

60 

120 

49 

45 

120 

43 

120 

97 

ISO 

45 

130 

41 

130 

81 

55 

140 

42 

140 

39 

140 

71 

150 

40 

40 

150 

38 

150 

65 

50 

160 

38  , 

160 

36 

160 

59 

170 

37 

170 

34 

35 

170 

55 

180 

36 

180 

33 

180 

52 

190 

34 

190 

32 

190 

50 

45 

200 

33 

200 

31 

200 

47 

210 

32 

210 

29 

210 

*5 

220 

31 

220 

28 

220 

44 

2S0 

30 

230 

25 

Gas 

230 

42 

40 

240 

28 

37 

240 

18 

240 

40 

250 

27 

250 

14 

250 

39 

260 

26 

35 

260 

7 

260 

37 

270 

26 

270 

35 

280 

25 

280 

34 

290 

24 

290 

32 

SOO 

23 

300 

31 

310 

22 

310 

29 

220 

22 

320 

28 

220 

21 

330 

87 

340 

21 

340 

26 

Gas 

250 

20 

350 

21 

360 

19 

360 

16 

370 

18 

Gas 

370 

10 

380 

14 

380 

6 

390 

9 

Tests  Ko.  2,1.         Ex,  Ho.  608.        Data  Sheet  Ko.  /O. 
Normal  Operation  Testa  O^en  Nozzle     Test  by  A.I.T.'19. 


A.L.F.  Nozile,  25'  Spero  ^"  Hose. 


Strainer  No,  1. 


Water  17  gals.   Soda  10  Lba.   Temp.  70°P. 

Streaa  Samples  Alk.   Tank  Residue  48  fl.oz.  Alk. 


#2i 

3#  aoid 
7/32"nozzle 

#1. 

#1; 

3|-#  aoid 
37l6"nozzle 

Time 

Pres 

Range 

Time 

Pres 

Range 

Time 

Pres  Range 

10 

65 

10 

11 

290 

--.- 

20 

102 

20 

10 

20 

200 

110 

50 

111 

55 

30 

9 

310 

1S2 

40 

111 

40 

8 

320 

121 

50 

103 

50 

7i 

330 

115 

60 

93 

50 

60 

7 

340 

109 

70 

85 

70 

6 

350 

105 

80 

79 

80 

6 

360 

101 

90 

75 

90 

5 

370 

97 

100 

72 

100 

^ 

380 

93 

110 

69 

110 

4 

590 

90 

120 

66 

45 

120 

3|- 

400 

86 

130 

64 

ISO 

31 

410 

83 

140 

60 

140 

3 

4S0 

81 

150 

59 

40 

150 

3 

430 

79 

160 

57 

160 

3 

440 

76 

170 

54 

170 

2? 
2i 

450 

74 

180 

52 

180 

460 

72 

190 

49 

Gas 

190 

2 

470 

68 

200 

4E 

200 

2 

480 

66 

210 

35 

210 

2 

490 

65   Gas 

220 

28 

220 

2 

500 

61 

230 

20 

230 

2 

510 

56 

240 

14 

240 

2 

520 

49 

250 

8 

250 

2 

530 

41 

260 

5 

260 

2 

540 

34 

270 

Device 

again 

560 

28 

280 

tipped 

• 

560 
570 

22 
18 

Note 

:  Acid  "bottle 

580 

13 

-Pfti 

1  fhni  1 

broken 

590 

8 

cage  upon  re- 
tipping. 


Data  Sheet  Ho.  !^0. 

Test  "by  A.I.T.'19. 


Kormal  Operation  Tests  Open  Ilozzle.        Test  "by  A.I.' 
7/32"  A.L.F.  Nozzle,  25'  A.L.F.i"  Hose   Strainer  Eo.  2. 
Stream  Samples  Alk,   Tank  ^.esidue  22  fl.oz.  Alk. 
V'ater  17  gals.   Soda  10  Lbs.  Aoid  3  Lbs. 


#4,  Temp  70°F 


#5,  Temp  90°F 


^15,  Temp  105°F 


Time  Pres  Range   Time  Pres  Range   Time  Pres  Range 


10 

75 

10 

100 

10 

100 

60 

20 

109 

60 

20 

137 

20 

144. 

30 

113 

30 

135    60 

30 

148 

40 

105 

60 

40 

125 

40 

140 

50 

96 

50 

113 

50 

128 

60 

86 

55 

60 

103 

60 

116 

70 

81 

70 

95 

70 

106 

60 

80 

75 

55 

80 

87 

80 

97 

55 

90 

71 

90 

82    55 

90 

91 

100 

66 

50 

100 

81 

100 

86 

110 

63 

110 

74 

110 

81 

120 

60 

50 

lao 

71 

120 

76 

50 

150 

59 

130 

66   50 

130 

73 

140 

56 

45 

140 

63 

140 

70 

150 

54 

150 

61 

150 

67 

160 

51 

45 

160 

58 

160 

63 

Ga 

170 

49 

170 

56 

170 

55 

180 

48 

40 

180 

54   Gas    180 

46 

190 

45 

190 

48 

190 

37 

200 

44 

Oas 

200 

41 

200 

28 

210 

39 

210 

33 

210 

20 

220 

33 

220 

25 

220 

13 

230 

26 

230 

17 

230 

6 

240 

20 

240 

10 

250 

16 

250 

5 

260 

10 

270 

6 

Tests  No.  20,24,19. 


Data  Sheet  Ho.  Z/. 
Test  "by  A.I.T.'19. 


normal  Operation  Tests  Open  Nozzle.       Test  cy  A.I.T. '1! 
7/32"  A.L.P.  Wozzle  and  £5'  A.L.P.  i"  Hose   Strainer  No. 2. 
Stream  Samples  Alk.   Tank  Residue,  22  dfl.oz.  Alk. 
Water  17  gals  Soda  10  Lbs.  Aoid  2^  Lbs. 


#20 

,  70°F 

7fl9 

,  105"P 

^24 

,  gooi". 

Time 

Pres 

Range 

Time 

pres 

Range 

Time 

Pres 

Range 

10 

62 

65 

10 

93 

65 

10 

70 

65 

20 

105 

20 

135 

20 

119  _ 

122  max 

30 

i6o 

30 

130 

30 

120 

40 

91 

40 

117 

40 

109 

50 

80 

50 

105 

50 

98 

60 

72 

60 

94 

60 

88 

70 

6 

7 

70 

85 

70 

80 

80 

6 

0 

80 

76 

80 

75 

90 

5 

5 

90 

72 

90 

70 

100 

5 

2 

100 

67 

100 

66 

110 

5 

0 

110 

64 

110 

63 

120 

48 

120 

61 

120 

60 

130 

46 

130 

59 

130 

57 

140 

45 

140 

55 

140 

55 

150 

42 

150 

52 

150 

52 

160 

40 

160 

50 

50 

160 

50 

55 

170 

39 

170 

46 

Gas 

170 

48 

Gas 

180 

38 

180 

41 

180 

45 

190 

36 

45 

190 

35 

190 

41 

200 

35 

Gas 

200 

27 

200 

34 

210 

32 

210 

20 

210 

25 

220 

27 

220 

14 

220 

18 

230 

22 

230 

9 

230 

10 

240 

19 

240 

4 

240 

5 

250 

15 

260 

9 

270 

4 

Tests  No.  3.16,14.    :Cx.  Ho.  608 


Data  Sheet  IIo.  ^^. 


normal  Operation  Tests  Closed  Ilozzle   Test  "by  A.  I.?. '19. 
7/52"  A.L.F.  nozzle,  S5»  A.L.F.  Rose  i".   Strainer  No.l  ?e8t=^'S 
Stream  Samples  Alk.  Tank  Hesidue  Alk.       "  Ko.2  Test  f!'16,14. 
Water  17  gals  Soda  10  Lbs.  Aoid  3  lbs. 


#3 

,  69°P 

#16 

,  90°P 

#14,  105°P 

Time 

Pres 

Range 

Time 

Pres  Range 

Time 

Pres 

Range 

10 

35 

10 

145 

10 

155 

EO 

8& 

20 

213 

20 

233 

30 

113 

30 

244 

30 

260 

40 

140 

40 

257 

40 

267 

50 

153 

50 

261 

50 

270 

60 

161 

60 

262 

60 

273 

70 

167 

70 

262 

70 

273 

80 

172 

80 

E62 

Open 

80 

273 

90 

174 

90 

161 

55 

90 

272 

Open 

100 

175 

100 

127 

100 

162 

50 

110 

176 

110 

109 

110 

lao 

120 

177 

120 

99 

55 

120 

113 

130 

177 

130 

91 

130 

105 

55 

140 

178 

Open 

140 

84 

140 

96 

150 

122 

65 

150 

80 

50 

150 

91 

50 

160 

101 

65 

160 

76 

160 

87 

170 

85 

170 

73 

170 

83 

45 

180 

78 

60 

180 

70 

180 

77 

190 

73 

60 

190 

66 

45 

190 

74 

45 

200 

69 

200 

63 

200 

'71 

210 

66 

210 

60 

45 

210 

68 

220 

63 

60 

220 

57 

220 

64 

230 

60 

230 

54 

230 

61 

45 

240 

59 

55 

240 

51 

240 

58 

250 

56 

250 

49 

250 

55 

260 

54 

55 

260 

47 

45 

260 

53 

45 

270 

52 

270 

45 

Gas 

270 

50 

Gas 

280 

50 

50 

280 

41 

280 

44 

290 

48 

290 

34 

290 

36 

300 

45 

45 

200 

27 

300 

28 

310 

44 

310 

21 

310 

20 

^20 

42 

40 

320 

15 

320 

13 

330 

40 

330 

9 

330 

7 

340 

39 

40 

340 

5 

350 

37 

360 

35 

35 

370 

34 

Gas 

380 

28 

390 

24 

400 

19 

410 

15 

420 

11 

450 

7 

Data  Sheet  No.  ^'B. 


Tests  Ko.  2E,21.       Sx.  No.  608.      .  Data  sneeij  no.  ^ 
Normal  Operation  Tests  Closed  Nozzle     Test  "by  A.I.T.'19 
7/32"  A. L.F. Nozzle,  25'  A.L.F.  i"  Hose.    Strainer  No.  2. 
Stream  samples  Alk.   Tank  Residue  22fl.  oz.  Alk.  in  #21. 
Water  17  gals  Sodft  10  Lbs.  Acid  2^  lbs. 


#  22.  90  P 

ime 

Pres   H 

10 

75 

20 

165 

30 

195 

40 

205 

50 

210 

60 

210 

Note:  Test  No.  22 
Coupling  blew  off 
gauge  hose.  Peak 
pressure  had  been 
reached. 


#21.  lOS^F 

rime 

Pres 

Range 

10 

90 

20 

180 

30 

215 

40 
50 

225 

233 

60 

235 

70 
80 

236 
236 

90 

237 

Open 

100 

153 

55 

110 

120 

120 

100 

ISO 

90 

140 

80 

150 

74 

160 

69 

170 

65 

180 

61 

190 

59 

200 

55 

210 

52 

220 

48 

230 

47 

240 

44 

250 

42 

260 

40 

50 

270 

39 

Gras 

280 

35 

290 

29 

300 

24 

310 

15 

220 

12 

330 

5 

Tests  NO.  SO^Sl.      Ez.  No.  608.  Data  Sheet  Eo.  Z^. 

Normal  Operation  Teste.  Test  ty  A.I.T.'IO. 

7/52"  A.L.F.  Nozzle,' 25'  Spero  i"  Hose    Strainer  No.  E. 
Stream  Samples  Alt.   Tank  Residue  22  fl.oz.  Alk. 
water  17  gals  Soda  10  Lbs.  Acid  3  Lbs.  #30.  460?;  #31,  45°?. 


7'/ SO,  Closed. 

Dime 

pres 

Rangi 

10 

85 

20 

139 

20 

153 

40 

158 

50 

158 

60 

158 

Open 

70 

97 

60 

80 

77 

55 

90 

69 

50 

100 

63 

110 

59 

45 

120 

56 

130 

54 

140 

52 

1«0 

51 

160 

49 

170 

47 

180 

45 

190 

43 

200 

41 

40 

210 

39 

220 

38 

230 

36 

240 

35 

250 

83 

260 

32 

270 

SO 

280 

29 

290 

28 

300 

27 

Gas 

310 

23 

320 

19 

330 

14 

340 

9 

#31,  Open 

* 

rime 

Pres  J 

Ranf 

10 

90 

55 

20 

101 

30 

93 

40 

84 

50 

75 

50 

60 

68 

70 

62 

80 

58 

90 

54 

45 

100 

52 

110 

50 

120 

48 

130 

46 

40 

140 

45 

150 

43 

160 

41 

170 

40 

180 

38 

190 

37 

200 

35 

210 

34 

Gaa 

220 

31 

230 

25 

240 

20 

250 

15 

260 

10 

270 

5 

Tests  Ho.  29,8,28.     Ex,  IJo.  608, 
Normal  Operation  Tests  Open  Ilozzle, 


7/S2"  A. L. P. Nozzle,  25'  Spero  -|-"Hose.  Strain 
Stream  Samples  Alk.  Tanlc  Residue  22  fl.oz.  Alk. 
Soda  10  L"bs.  Acid  SLbs.   Solution  Temp.  70°F. 


Data  Sheet  !;o.  iS6'. 
Test  by  A.I.T.'19. 


Strainer  Ho.  2, 


#29,  161-  gal  sol    #8,  17^  gal  sol    #28,  18  gal  sol. 
Time  Pres  l^ange   Time  Pres  Range   Time  Pres  Range 


10 

78 

10 

80 

10 

97 

20 

114 

20 

54 

20 

119 

30 

115 

60 

30 

78    60      SO 

115 

40 

105 

40 

90 

40 

106 

50 

96 

55 

50 

92 

50 

94 

60 

88 

60 

91 

60 

86 

70 

81 

70 

88 

70 

79 

80 

75 

50 

80 

85 

80 

73 

90 

71 

90 

80 

90 

68 

100 

67 

50 

100 

75 

IttO 

64 

110 

63 

110 

71    5{ 

5     110 

61 

120 

51 

45 

120 

68 

120 

58 

ISO 

59 

130 

64 

130 

55 

140 

56 

140 

62 

140 

53 

150 

53 

45 

150 

59 

150 

51 

150 

51 

160 

58    45     160 

49 

170 

49 

170 

53 

170 

47 

180 

47 

Gas 

•  180 

51 

180 

45 

190 

44 

190 

49 

190 

44 

200 

37 

200 

48   Gas     200 

42 

210 

30 

210 

41 

210 

37 

220 

23 

S20 

33 

220 

31 

230 

16 

230 

24 

230 

25 

240 

11 

240 

17 

240 

19 

250 

6 

250 

12 

250 

13 

260 

5 

260 

7 

Tests  Nos.  25,11,12.    ^x.  No.  608 
llormal  Operation  Tests  Closed  Kozzlo. 


Data  Sheet  Mo.  ^^. 
Test  by  A.I.T.»19* 
Strainer  Ho.  2, 


7/52"  A.L.F.  nozzle,  25'  A.L.F.i-"Hose        Strainer  Ho.  2. 

Stream  Samples  Alk.  Tank  Residue,  #26,11  alk.  ^^2,  acid. 

soda  10  LTds.  Acid  3  lbs.  Solution  Temp.  #26,  690p.  #11,12.  70°?. 


;"26,17  gals,  sol    -vll.lS  gals  sol 
Time  Pres  Range   Time  Pres  I^ange 


7^11,19  gals  sol, 
^ime  Pres  ."^ange 


10 

105 

le 

135 

10 

140 

20 

170, 

20 

190 

20 

110 

30 

189 

30 

205 

30 

233 

40 

195 

40 

209 

40 

235 

50 

198 

50 

212 

50 

256 

60 

200 

60 

212 

60 

235 

70 

200 

70 

211 

70 

256 

80 

200 

Open 

80 

210 

Open 

80 

256 

Open 

90 

125 

60 

90 

127 

60 

90 

117 

50 

100 

99 

100 

97 

100 

98 

110 

87 

110 

82 

55 

110 

82 

55 

120 
ISO 

78 
73 

50 

120 

130 

75 
71 

50 

120 

130 

76 
75 

50 

140 

69 

50 

140 

67 

140 

69 

150 

66  ^ 

150 

64 

50 

150 

67 

160 

62 

45 

160 

61 

160 

65 

170 

59 

170 

59 

50 

170 

62 

50 

180 

57 

45 

180 

56 

180 

59 

190 

54 

45 

190 

53 

45 

19  0 

57 

45 

200 

52 

200 

51 

200 

54 

210 

50 

45 

210 

48 

45 

210 

52 

220 

48 

220 

45 

220 

50 

230 

46 

230 

44 

40 

230 

48 

45 

240 

44 

240 

43 

240 

45 

250 

42 

250 

41 

40 

250 

45 

40 

260 

41 

260 

39 

260 

42 

270 

39 

40 

270 

37 

40 

270 

40 

E80 

37 

280 

36 

280 

38 

290 

36 

Gas 

290 

34 

290 

56 

40 

300 

29 

500 

53 

300 

55 

SIO 

22 

310 

31 

Gas 

310 

53 

320 

18 

320 

27 

320 

32 

Gas 

330 

13 

330 

23 

350 

28 

340 

8 

340 

18 

S40 

24 

350 

4 

350 

12 

550 

19 

560 

0 

360 

6 

560 
370 
380 

14 
9 
5 

Data  Sheet  Ho.  27, 


Strainer  No. 2. 


Operation  Tests  (Pull  acid  bottle)        Test  by  A.I.T.'19. 
7/52"  A.l.F.  llozlle,  25'  A.L.F.  Hose,         Strainer  No. 2. 
Stream  Samples  Alk.  Tank  Residue  22  fl.oz.  Alk. 
water  17  gals.   Soda  10  Lbs.   Acid  4  Lbs.  7  Oz.   Sol.  Temp.  70  F, 


#9,  Open  Nozzle 
Time   Pres   Range 


=222.  Closed  Nozzle 
Time   Pres   Range 


10 

94 

so 

140 

30 

146 

40 

142 

50 

130 

60 

121 

70 

113 

80 

107 

90 

101 

100 

96 

110 

92 

120 

88 

130 

85 

140 

79 

150 

76 

160 

72 

170 

68 

180 

60 

190 

50 

200 

38 

210 

27 

220 

17 

230 

10 

240 

6 

10 

100 

20 

219 

30 

245 

40 

260 

50 

261 

60 

262 

70 

263 

80 

265 

90 

265 

100 

265 

110 

265 

Open 

120 

170 

55 

130 

142 

140 

130 

150 

122 

160 

118 

170 

110 

180 

106 

190 

101 

200 

95 

210 

90 

220 

85 

230 

80 

240 

76 

250 

74 

2o0 

70 

270 

67 

45 

280 

65 

Gas 

290 

51 

500 

55 

SIO 

47 

5E0 

37 

530 

26 

540 

18 

550 

9 

SnO 

4 

Tests  No.  6,7. 


^X.  Ho.  608, 


Data  Sheet  VcJ^e 
Test  by  A.I.T.'19. 


Normal  Operation  Tests  Open  Nozzle  Test  "by  A.I.T.'' 
7/32"A.L.F.  Nozzle,  25'  A.I.F.  i"  Hose  Strainer  No.  8, 
Stream  Samples  Alk.  Tank  Hesidue  22  fl.  oz.  Aoid 


Solution  17  gals.  Soda  10  Lbs, 
17i  " 

#5,-17  gals.  sol. 

Time   Pros   Hange 


Aoid  3  Lbs,      Temp.    70°1?, 

#7, — 17i-  gals,    solo 
Time       :?re  s       liange 


10 

65 

20 

110  . 

SO 

110 

40 

101 

50 

92 

60 

85 

70 

79 

80 

74 

90 

70 

100 

65 

110 

62 

120 

60 

130 

56 

140 

54 

150 

52 

160 

50 

170 

48 

180 

46 

190 

45 

200 

42 

210 

36   Gas 

220 

29 

230 

22 

210 

16 

250 

10 

260 

5 

30 

95 

40 

97 

60 

89 

70 

84 

80 

80 

90 

75 

100 

70 

110 

66 

120 

63 

130 

61 

140 

5 

6 

150 

5 

5 

160 

5 

2 

170 

51 

180 

49 

190 

48 

200 

45   Gas 

210 

38 

220 

30 

230 

22 

240 

16 

250 

11 

260 

5 

Tests  Kos,  18,87,25.    Ex,  608,       Data  Sheet  No.  2^. 
normal  Operation  Tests,  Closed  Kozzle,   Test  hy  A.I,T,'19, 
7/28"  A,L,P,  Nozzle,  25'  A.L,P,  i"Hose.   Strainer  IIo.  2. 
Stream  Samples  Alk,  Tank  residue  88  fl,  oz.  7^18  aoid.  #87,25  alk 
Water  17  gals.  Acid  3  Lbs,  Temp.  7^-18,  78°F.  #87,  25,  700?. 


18,  Soda  6# 

27,  Soda  8# 

7f25 

,  Soda  12# 

Time 

Pres 

Range 

Time 

Pres 

.  Range 

Time 

Pres 

Rang 

10 

95 

10 

92 

10 

120 

20 

140 

20 

150 

EG 

195 

30 

152^ 

30 

166 

30 

221 

40 

158 

40 

171 

40 

227 

50 

151 

50 

175 

50 

£31 

60 

IGl 

Open 

60 

177 

60 

231 

Open 

70 

116 

50 

70 

178 

70 

140 

65 

80 

97 

80 

178 

80 

110 

90 

87 

50 

90 

178 

Open 

90 

95 

60 

100 

80 

100 

117 

60 

100 

85 

110 

77 

110 

94 

110 

80 

120 

75 

120 

85 

120 

76 

55 

130 

72 

130 

80 

ISO 

71 

140 

69 

140 

76 

50 

140 

67 

50 

150 

66 

150 

73 

150 

63 

160 

63 

50 

160 

70 

50 

160 

60 

50 

170 

60 

170 

67 

170 

58 

180 

57 

45 

180 

64 

45 

180 

55 

45 

190 

54 

190 

61 

190 

52 

200 

51 

200 

58 

200 

60 

210 

49 

210 

55 

210 

48 

220 

47 

40 

220 

52 

45 

220 

46 

230 

45 

230 

50 

230 

44 

45 

240 

43 

240 

48 

240 

42 

250 

41 

250 

47 

250 

41 

Gas 

260 

39 

260 

45 

260 

36 

270 

37 

Gas 

270 

43 

270 

31 

280 

32 

280 

41 

40 

280 

25 

290 

25 

290 

39 

290 

19 

300 

20 

800 

37 

Gas 

300 

13 

310 

14 

310 

32 

310 

8 

320 

8 

320 
330 
340 
550 
360 

26 
20 
15 
9  . 

4 

Tests  Ko.  10,17,13.     Ex.  No.  608. 
Kormal  Operation  Tests.  (Miso.) 
7/32"  A.L.F.  Hozzle,  85'  A.L.P,  i"  Hose. 
Stream  Samples  Alk.   Tank  Residue  Alk, 


Data  Sheet  Ko,  SO- 
Teste  by  A.I.T.'19. 
Strainer  No .2. 


#10, T  70°F 
Open  nozzle. 
17  gals.  sol. 
Soda  10#.  Aoid  3#, 


#17,-70°F  ^^13,-71°P. 

Closed  Nozzle,  Closed  Nozzle, 

17  gals  sol.  Water  17  gals. 

Soda  13-^-#.  Aoid  S#.  Soda  7i-#.  Aoid  2-iifi 


Time  Pres  Range   Time  Pres  Range   Time  Pres  Range 


10 

82 

20 

120 

30 

117 

40 

107 

50 

96 

60 

87 

70 

81 

80 

75 

90 

72 

100 

S9 

110 

64 

12Q 

62 

130 

60 

140 

57 

150 

54 

160 

51 

170 

49 

180 

47 

190 

46  Gas 

200 

38 

210 

29 

220 

21 

230 

14 

240 

9 

Bote:  Nozzle  blew 
off  hose.  Pressure 
at  gas  37  Lbs. 


20 

50 

85 
107 
120 
128 
132 
136 
139 
139 
140 
141 
141   Open 


Note:  Test  #13. 
Bottle  oage 
spread, stopple 
held  slightly 
by  edge  of  cage. 


34 

33 

32 

30 

29    40 

27   Gas 


Jx.  llo.  473. 


Amerloan  La  France  20-Gallon  Chemical  Plre  Engine. 


cravE   'sheet    ikdez 

Teat  llos, 

1,2. 

l;6.     • 

4.5.6,7,8. 

9.7,10. 

10,11.12. 

3,5.     • 

13.15,14. 


Variables. 

Acid  Charge 

IMozzle  Orlfioe  Size 
Acid  Peed 
Temperature 
Acid  Charge 
Temi^erature 


Ex.   Uo.    586. 


0.   J.   Childs  20-(Jallon  Chemical  Plre  Engine. 


2.S.4. 

6.7.8. 

13.14.16. 

19,17. 

16.17. 

5.5.10. 

1.9. 
2.9. 
4,18. 
9.12. 


Tenrperatiare 


Acid  Charge 

Temperature 

Acid  Peed 

Nozzle  Orifice  Size 

Tjrpe  of  IJozzle 

"  Strainer 
Strainer  &  Tip  Anglt 


Ex.  No.  609. 


AJax  20-Gallon  Ohemioal  Plre  Extinguisher 


1.2.3. •      • 

16;7  9  10. 

11; 12. 13. 15. 

15.161 

17.18o 

6.4  5.17. 

18, i4. 

4. 

8. 


Temperature 


Acid  Charge 

"  IT 

Temperature 


Ex.  IJo.  608, 
Spero-20-Gallon  Plre  Sxtingulsher. 


CURV}]      SHEET      IBDEX. 


Sheet  IJo. 

Test  Uoa. 

Variables. 

27 

1. 

28 
29 

2.  ■  •  • 
51,4,5.15. 

Temperature 

SO 

20,24,19. 

II 

51 

50,5,15,14. 

II 

32 

22,21. 

n 

33 

20,4,9. 

Aoid  Charge 

34  , 

24,5. 

IT       n 

35 

19,15. 

IT       n 

56 

n  .      n 

37 

16,23. 

IT          If 

38 

14.21. 

IT           ft 

39 

6.7.' 

Solution  Cu 

40 

10,8,4.- 

IT 

41 

29,10.8,28. 

If 

42 

26,3,11,18.- 

II 

43 

16,27,26,25,17. 

Soda  Charge 

44 

13. 
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P  A  K   T      V 
DI3CUSSI0H. 

CmPTEH   I.      TEST    VAKIABIES. 
CHAPTER  II.    THEOay  OF   OPERA-TIOfl. 
GEAPITEK  III.DESIGH. 
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PAHT   V. 
CmPTER   I. 

TEST   VARIABLES. 
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TRST  VARIABIES. 

There  are  three  important  classes  of 
test  variables,  namely: 

First,-  Conditions  that  vary  in  the 
field,  which  are  tempe  rat  tire,  and  whether 
nozzle  is  open  or  closed. 

Second,-  Chargea  of  acid,  soda  and 
water. 

Third,-  Features  of  design  of  machine 
and  parts. 

In  the  emergency  of  fire  there  is  an 
even  chance  that  the  machine  will  have  its 
nozzle  either  open  or  closed  at  the  start  of 
operation.   Consequently  both  open  and  closed 
nozzle  tests  should  give  satisfactory  opera- 
tion.  As  between  open  and  closed  nozzle  tests, 

the  latter  seems  to  give  more  definite  data 
with  regard  to  the  limits  of  operation.   As 
may  be  seen  on  data  sheet  E,  and  as  typically 
illustrated  on  curve  sheet  No.  45,  the  highest 
maximum  pressures,  lowest  effective  pressure 
(gas  pressure)  shortest  final  range  and  longest 
duration  of  stream  are  obtained  in  closed  nozzle 
tests.   However,  the  open  nozzle  tests  have 


the  greater  tendency  to  give  acid  stream  samples 
and  acid  tank  residue. 

The  effect  of  varying  initial  temperat- 
ure is  that  the  higher  temperature  gives  higher 
maximxim  pressure,  higher  final  pressure,  longer 
final  range,  and  shorter  stream  duration.  There 
is  also  a  greater  tendency  to  give  acid  stream 
samples  and  acid  tank  residtie.   Curve  sheets 
Nos,  5,  7,  8,  9,  10,  12,  18,  19,  20,  23,  24,  29, 
30,  31  and  32. 

The  effect  of  decreasing  the  acid  charge 
was  to  decrease  the  maximum  pressure,  decrease 
final  pressure,  decrease  range  and  increase 
duration  of  stream.  Curve  sheets  Uos.  6,  11» 
21,  22,  33,  34,  35,  36,  37  and  38. 

The  effect  of  increasing  the  soda 
charge  was  to  give  high  maximum  pressures,  high 
final  pressures,  longer  final  range  and  shorter 
duration.   Curve  sheet  lio,  43, 

The  effect  of  varying  solution  quantity 
within  the  range  of  tests  run  with  constant 
chemical  charges  was  that  increasing  or  decreas- 
ing quantity  from  17,3  gallons  solution  gave  a 
higher  maximum  pressure.   This  irregular  pro- 
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cedure  is  attributed  to  the  fact  that  decreas- 
ing solution  quantities,  increases  not  only  the 
gas  spaoe,  hut  also  the  concentration  of  salts 
in  solution.    If  no  COg  was  absorbed  by  the 
solution  the  maximum  pressure  would  be  inverse- 
ly proportional  to  the  gas  space.  However, 
some  SOq  does  go  into  solution,  the  concentra- 
tion of  COg  in  the  solution  being  a  certain 
ratio  of  the  concentration  of  COg  in  the  gas 
space.   This  ratio  is  the  absorption  co- 
efficient and  depends  upon  the  temperature 
pressure  and  degree  of  concentrations  of  salts. 
This  is  discussed  in  Part  V,  Chapter  II. 

Results  of  increasing  size  of  nozzle 
orifice  in  open  nozzle  tests,  were  to  give 
lower  maximum  pressure,  higher  pressure  at 
gas,  longer  range,  and  shorter  stream  duration. 
This  is  £hown  on  Curve  sheets  (3  and  14),   With 
larger  nozzle,  there  was  a  greater  tendency  to 
obtain  acid  tank  residue  and  acid  stream 
samples. 

Effect  of  changing  nozzle  design  with 
a  given  size  of  orifice  is  that  with  large 
waterways,  the  friction  loss  to  the  tip  is 
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lees,  hence,  effective  preBsiire  at  orifice  is 
greater,  discharge  is  more  rapid,  and  duration 
is  shorter.   Cxirve  sheet  15;  tests  IIos.  (585- 
E,  and  9) 

The  principal  effect  of  changing  the 
design  of  strainer  is  to  vary  the  quantity  of 
tank  residue.    It  is  important  that  the  tank 
residue  he  sufficient  to  neutralize  any  excess 
acid  left  in  the  tank  because  of  the  corrosive 
effect  of  the  acid  upon  the  tank  galvanizing. 

In  tests  (585-4,8)  strainer  No.  3  was 
used  which  gave  three  fluid  oxinzes  residue, 
aoid  in  character,  while  with  identical  condi- 
tions, tests  (585-18,  14),  strainer  No.  4  was 
used  which  gave  one  pint  residue,  alkaline  in 
character.   Diminishing  the  total  area  of  the 
holes  in  the  strainer  is  apt  to  cause  excessive 
friction  loss  at  this  point,  especially  if 
strainer  becomes  partly  clogged  with  any  foreign 
material. 

In  this  investigation  no  such  condition 
was  approached,  as  effective  strainer  area  was 
at  least  fifteen  times  area  of  nozzle  orifice. 
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The  main  differences  between  different 
devices  in  operation  characteristics,  as  shown 
on  Ciirve  sheet  Nos.  46,47,48,49,50,  and  51,  are 
due  to  total  tank  capacity,  rate  of  acid  feed, 
and  quantity  of  unused  acid  remaining  in  bottle. 

Tot^l  tank  capacities  of  the  American 
La  France  and  Spero  extinguishers  were  ample, 
while  capacities  of  the  Ghilds  and  Ajax  ex- 
tinguishers were  small.  Hate  of  acid  feed  in 
American  La  Prance  machine  was  slow,  while  in 
the  three  other  devices,  it  was  comparatively 
fast,  the  most  rapid  feed  occulting  in  the  Spero 
extinguisher.  The  American  La  France  and  Ghilds 
devices  retained  appreciable  quantities  of  acid 
in  the  acid  bottle,  but  the  Ajax  and  especially 
the  Spero  machines  retained  almost  negligible 
quantities. 

Large  tank  capacities  tends  to  give  low 
mazim-um  pressures  and  high  pressures  at  gas.  Slow 
acid  feed  gives  slow  rate  of  pressure  increase 
and  in  open  nozzle  tests  gives  low  maximum  pressures 
and  high  pressures  at  gas,  itetention  of  unused 
acid  in  bottle  gives  low  maximum  pressures  and  low 
pressures  at  gas. 
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In  open  nozzle  tests  of  machines  with 
slow  acid  feed,  the  maxinrnm  pressure  is  reached 
when  a  considerahle  quantity  of  acid  has  not  had 
time  to  escape  from  the  acid  bottle  into  the 
bicarbonate  solution.  Because  of  this,  the  quan- 
tity of  carbon  dioxide  at  this  time,  and  hence 
the  pressure,  is  less  than  in  machines  of  more 
rapid  acid  feed. 
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PART   V. 
CHAPTEH   II. 

THEORY  Off   OPERATIOH. 
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THEORY  OT'  OPERATION. 

In  closed  nozzle  tests  upon  starting 
operation  of  the  extinguisher,  the  stopple 
falls  part  of  the  way  out  from  neck  of  bottle 
and  acid  begins  to  flow  rapidly  into  the  bi- 
carbonate solution.   As  the  acid  reacts  with 
the  bicarbonate  carbon  dioxide  gas  is  formed. 
The  bicarbonate  is  in  excess,  so  that  all  the 
sulphuric  acid  which  flows  from  the  bottle  is 
neutrallized  by  the  bicarbonate,  hence  the 
carbon  dioxide  formed  is  proportional  to  its 
effective  acid  charge  (initial  less  the  resi- 
due in  bottle)   The  carbon  dioxide  upon  being 
formed  tends  to  escape  from  solution  as  a  gas, 
but  a  portion  of  the  gas  remains  in  the  solu- 
tion.   The  ratio  of  the  concentration  of 
gas  in  solution  to  concentration  of  free  gas 
is  a  constant  for  a  given  pressure,  temperat- 
ure, and  concentration  of  salts  in  the  solu- 
tion; and  is  called  the  absorption  coefficient. 
According  to  "Henry's  Law",  the  volume  of  a 
gas  in  solution  is  a  constant  proportion  of 
the  volume  of  the  solution,  regardless  of  the 
pressure,  if  the  temperature  is  constant.  This 
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is  not  strictly  true  in  the  case  of  carbon 
dioxide,  as  in  water  solution  the  absorption 
coefficient  instead  of  remaining  constant,  de- 
creases slightly  as  pressure  increases. 

In  salt  solutions  the  absorption 
coefficient  may  be  expressed  as 

y  =  ae  *       (Setchenow,  Journal 

Chemical  Society  1889) 

y  =  absorption  coefficient  of  solution 

a  =  absorption  coefficient  of  water  at 
same  temp erat Tare, 

X  =  solution  concentration  (given  as 
volvune  of  solution) 

k  =  constant,      c  =^.~7/S 
Hence  for  salts  which  have  no  chemical  reaction 
with  COg,  the  absorption  coefficient  decreases 
with  the  concentration  of  the  salts. 

According  to  Setchenow  the  absorption 
coefficient  of  COg  in  7/ater  decreases  v;ith  in- 
crease of  temperature. 

Prom  this  it  follows  that  the  pressure 
in  the  extinguisher  is  not  strictly  proportional 
to  the  carbon  dioxide  formed  by  reaction,  but  in- 
creases even  more  rapidly  than  the  carbon 
dioxide  constant  increases. 
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Thus  as   the    carlaon  dioxide   is   formed 
by  action  of  the   acid   on   the   soda  solution,    the 
pressTjre  rises  ii^til  a  maximiam  pressure   is 
reached,    at  which  time   all  the   acid  which  flowed 

from  the   bottle  has  been  neutrallized.      There 
is  at  this   time   a  large  proportion  of  the   total 
carbon  dioxide   in  solution. 

Upon  opening  the  nozzle   solution  begins 
to  discharge  immediately,   carrying  large  quanti- 
ties of  carbon  dioxide   in  solution.     As  the  so- 
lution discharges,   the  pressure  drops,    and  part 
of  the  carbon  dioxide  in  solution  returns  to  the 

condition   of  a  free  gas. 

The   part  remaining  in  the  solution  is 
due   to  supersaturation  of  the  solution  by  CO2. 
According  to  L.  pratesi.   Journal  of  Xondon 
Chemical  Society,    1892,   water   saturated  with 
COg  at  a  hi^er  pressure  will  contain,   upon 
released  to   a  given  pressure,    40  percent  more 
CO2  than  a  solution  saturated  at   the   given 
pressure. 

In  open  nozzle  tests  the  solution  be- 
gins  to   discharge  immediately,   a  lower  maxi- 
mum pressure    is   reached  and   less  carbon  dioxide 
is   carried  out  with  the   solution. 
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PAST  7. 
CEAPTHH  III. 
D3SIGM. 
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DESIGN. 
(American  La  France  -  473) 

The  stopple  guide  soldered  on  cap 
limited  the  travel  of  the  stopple,  thus  re- 
stricting the  acid  feed  and  giving  an  acid  resi- 
due in  test  (473-7).  As  this  guide  served  no 
purpose  in  this  machine  and  gave  the  undesirable 
result  noted  above,  it  is  thought  advisable  to 
discontinue  the  use  of  the  guide. 

In  every  test,  there  remained  2  fluid 
ounces  of  acid  in  the  acid  bottle,  and  even 
after  removal  of  stopple  guide,  an  acid  tank 
residue  was  obtained  in  test  (473-12). 

The  bottle  design  is  incorrect  in  that 
the  shoulder  of  the  bottle  provides  a  recess 
in  which  acid  is  retained,  and  prolongs  the 
discharge  of  acid. 

The  bottle  should  be  designed  to  com- 
pletely drain  when  the  machine  is  in  operating 
position.   This  may  be  accomplished  by  having 
the  upper  part  of  the  bottle  funnel-shaped  to 
the  mouth  and  having  the  angle  that  the  neck 
makes  with  the  axis  of  the  bottle  not  greater 
than  the  tipping  angle  of  the  device. 
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The  holes  in  the  cage  are  Insufficient 
in  ntimber  and  so  located  that  seme  acid  solu- 
tion may  be  trapped  in  cage  at  cap  and  upon 
erecting  after  operation,  acid  solution  acidi- 
fies tank  residue. 

The  cage  should  have  additional  holes 
closer  to  the  cap. 

Type  of  noszle  submitted  was  satis- 
factory, but  size  of  orifice  of  detachable  tip 
was  unsatisfactory  and  was  discussed  in  Part  V, 
Chapter  I, 

Connection  of  fittings  to  hose  was 
unsatisfactory  as  the  nozzle  blew  off  hose  at 
E80  lbs.  test  (608-17) 

0.  J.  CHIIDS  (585) 

Strainer  No.  3,  which  was  made  for  de- 
vice out  of  1  inch  pipe  with  40  5/32  inch  holes 
only  retained  3  fluid  ounces  residue  in  tank 
which  in  test  (585-4,8)  was  acid.   Strainer  Ko. 
4,  furnished  by  manufacturer  retained  one  pint 
of  residue  in  tank  which  in  no  cases  was  acid. 

The  bottle  retained  3  fluid  OTonces  of 
acid,  oonseq[uently  bottle  should  be  revised  to 
drain  completely  when  machine  is  in  operating 
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posltion. 

The   total  tank  capacity  was   19-3/4 
gallons,    which  should   he   increased  to   at  least 
20  gallons  as   the   rated  size, 

AJAX   (609) 

Althoxigh  no  acid  tank  residues  were  ob- 
tained in  any  of  the  tests,  the  strainer  should 
be  so  designed  that  the  tank  residue  will  be 
at  least  l/2  pint. 

With  the  present  design  of  cage,  ordinairy 
tipping  of  the  device  will  cause  acid  bottle  to 
bend  cage  bars  due  to  impact  when  handles  strike 
floor.    If  this  type  of  cage  is  used,  four 
cage  bars  of  heavier  stock  should  be  used,  re- 
inforced   inches  from  top  with  ring  which 
will  retain  bottle  and  also  act  as  tank  filling 
indicator*   The  distance  between  the  prongs 
on  the  cap  should  be  increased  to  eliminate 
possibility  of  striking  neck  of  bottle  when 
tightening  or  removing  cap.   These  prongs  are 
designed  to  come  in  contact  with  shoulder  of 
bottle  to  prevent  bottle  from  sliding  toward 
cap. 
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The  total  tank  capacity  wa8  19,4  gallone, 
which  should  be  increased  to  at  least  20  gallons. 
SPERO  (608) 

The  cage  and  bottle  foirnished  were  prac- 
tically the  same  as  those  furnished  with  the  Ajax 
extinguisher,  and  the  same  suggestions  apply.  It 
was  noted  in  test  (608-1)  that  bottle  cage  was 
broken  and  bottle  fell  through  cage.    In  test 
(608-13)  cage  rods  were  bent  upon  tipping  machine. 

Original  strainer  No.  1  had  1/4  inch 
holes  which  were  larger  than  the  nozzle  orifice 
used,  thus  making  strainer  ineffective.   Strainer 
Ho.  1  retained  three  pints  of  residue  in  tank 
and  outlet  fitting  projected  3/4  inch  into  tank. 
As  this  residue  is  more  than  necessary  to 
neutralize  any  remaining  acid,  outlet  fitting 
was  sawed  to  3/8  inch  projection,  thereby  reduc- 
ing tank  residue  to  one  and  one-half  pints. 
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P  A  x^  1'     VI 
COHCLUSIOWS. 
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CONCLUSIONS. 

Total  capacity  of  the  tank  should  not 
"be  less  than  twenty,  nor  more  than  twenty  and 
one  half  gallons.  Pilling  indicator  should 
he  so  located  that  when  tank  is  filled  to  the 
indicator,  the  capacity  of  the  unfilled  portion 
should  not  "be  less  than  two  gallons  and  seven 
pints  nor  more  than  three  gallons  and  one  pint. 
This  gives  a  fair  allowance  for  variation  in 
the  manufacture  of  tank  and  location  of  filling 
indicator  without  appreciahly  affecting  operation 
characteristics. 

When  an  extinguisher  as  specified  above, 
is  filled  with  water  to  the  indicator  and  a  10  Ih. 
charge  of  sodium  hicarhonate  is  used,  3  lbs,  of 
66°  Baume  commercial  sulphuric  acid  gives  the 
most  satisfactiry  characteristics  of  operation. 
The  maximxun  pressure  with  closed  noxzle  at  105 
degrees  Fsihrenheit  does  not  exceed  280  pounds  per 
sq.  in.  At  70  degrees  Fahrenheit,  the  pressure 
at  gas  is  about  45  pounds  in  the  open  nozzle  test 
and  about  35  pounds  in  closed  nozzle  test.  The 
minimum  range  of  stream  is  about  40  feet.  At 
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45  degrees,  the  pressure  at  gas  is  about  35 
pounds  in  open  nozzle  test,  and  about  25  pounds 
in  closed  nozzle  test,  A  somewhat  smaller  soda 
charge  with  a  slightly  larger  acid  charge 
would  probably  give  at  least  as  satisfactory 
operation  unless  acid  residue  or  stream  samples 
are  obtained. 

The  bottle,  stopple,  and  cage  should  be 
of  such  design  that  the  rate  of  acid  flow  is 
neither  too  rapid  nor  unduly  prolonged.  The 
bottle  should  drain  completely  when  the  machine  is 
in  operating  position  in  less  than  the  time  of 
operation  obtained  in  high  temperature  open  nozzle 
tests  to  eliminate  all  possibility  of  an  acid  tank 
residue. 

The  strainer  should  hare  holes  l/l6  inch 
smaller  in  diameter  than  the  nozzle  orifice,  the 
number  of  holes  to  be  sufficient  to  give  a  total 
area  equal  to  atleast  fifteen  times  the  area  of 
nozzle  orifice.   The  strainer  should  retain  no 
less  than  one-half  pint  nor  more  than  one  and  a 
half  pint  of  residue  in  tank  at  the  end  of 
operation. 
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With  26  feet  of  -^  inch  hose  for  the  Ajnerioan 
la  France  type  of  nozzle,  the  7/38  inch  size  of 
nozzle  orifice  should  be  used.   This  gives  a 
stream  duration  of  3  1/3  minutes  for  a  70  degree 
open  nozzle  test  and  4  minutes  for  a  closed  nozzle 
test.  The  minimum  range  is  ahout  40  feet.  For  the 
Childs  nozzle  a  smaller  orifice  than  7/32  inch 
should  he  used  to  give  approximately  the  same 
stream  duration  and  as  long  a  range  as  the  7/32 
inch  diameter  ^imerican  La  Prance  nozzle. 


